(3 X 10_ u ) of th e C.Q-.S. electrostatic u n it of quantity.
(A bstract.)
I n a previous com m unication to the R oyal Society ( ' P hil. Trans.,' 184, (1893), A. p. 337), I have described a m ethod of experim entally determ ining th e velocities of th e ions during electrolysis, by observa tions on the phenomena w hich occur when a current of electricity is passed across th e junction of two salt solutions, one a t least of which is coloured.
The results obtained agreed, w ithin the lim its of experim ental error, w ith the num bers deduced by Professor F. K ohlrausch from m easurem ents of th e conductivities.
The m ethod is, however, seriously restricted by th e conditions necessary for its success. The two solutions m ust be of different densities, of different colours, and of nearly equal conductivities a t equivalent concentrations.
In order to extend the m ethod, I have used solid solutions in agarag ar jelly, tracin g the motion of the ion by the form ation of a precipi tate.. Je lly solutions were employed by D r. Oliver Lodge, but, although he got a good result for hydrogen w ith phenol-phthallein as an indicator, w hen he tried to m easure th e velocity of barium and strontium by w atching the form ation of precipitates, the experiments were not very successful. This was probably due to the fact that, when a pre cipitate forms, it removes some of the electrolyte from solution, and so increases the specific resistance and the local potential-gradient. In order to elim inate this disturbing cause, instead of setting up two solutions which completely precipitate each other, like barium chloride and sodium sulphate, use was made of barium chloride and sodium chloride, ju s t enough sodium sulphate being added to the latter to enable the motion of the barium ions to be traced by the formation of a slight precipitate of barium sulphate. T hat this did not seriously affect the resu lt was shown by m aking two determ ina tions of the velocity of th e barium ion, m uch more sodium sulphate being present in the first case than in the second. The num bers obtained for the specific ionic velocity were 0-000385 and 0 000390 cm. per second respectively.
The influence of the jelly was examined by determ ining the velocity of the bichromate group (Cr20 7) with solid solutions of potassium bichromate and potassium chloride-the motion being indicated by the change in colour. The result was 0'00044 cm. per second. In the former paper the velocity of the same ion, measured by means of aqueous solutions of these salts, came out 0*00047 cm. per second. The influence of the jelly thus appears to be small, as is also indicated by A rrhenius' experiments on the conductivity of such solutions ( ' B. A. Report,' 1886, p. 344).
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The apparatus used and the m ethod of measurement were the same as in the former investigation. Two vertical glass tubes, about 2 cm. in diameter, were joined by a third, considerably narrower, which was bent parallel to the others for the greater p art of its length. In this tube the jelly solutions came in contact w ith each other, and formed a slight precipitate a t the junction. W hen a current was passed from one solution to the other, this precipitate spread, and the rate at which its advancing surface moved, was measured on a glass scale placed behind it, the observations being made through a telescope. [May 30, Î f the potential-gradient at the junction is we have dV /dx -yr/A , where 7 represents the total current, the specific resistance of the solution, and A the area of cross-section of the tube. I f v is the observed velocity, the specific velocity for unit potential gradient is given by v vA
A is determ ined by filling a known length of the tube w ith water or m ercury, 7 is read off on a galvanom eter previously graduated by means of a Daniell cell and a box of resistance coils, and r is de term ined by Kohlrauseh's method of a W heatstone's bridge with alternating currents. The solutions m ust be of nearly equal conductivities, so th at a . mean value of rmay be taken. This is the more im portan unlike the colour-boundary method, the form ation of a precipitate is an irreversible process. M easurem ents cannot, therefore, be made with the current flowing in both directions, which, in the former paper, was shown to g et rid of the disturbing effect of any remaining difference in conductivity. All th at can be done is to choose solu tions whose conductivities are very nearly equal, so th at the un certainty which m ust appear in the result shall be, at all events, as small as possible.
The apparatus was immersed in a w ater bath, and the results all corrected to a tem perature of 18° C., in order th a t they m ight be comparable w ith K ohlrausch's calculated values.
The following results were obtained :-Barium.-Solutions u s e d : decinormal barium chloride and sodium chloride, a little sodium sulphate being added to the latter.
Tem perature, 15*8°. Mean conductivity a t 15'8° in reciprocals of legal ohms, 9*60 X 10-3. Mean current, 1*08/131 ampere. Area of cross-section of tube, 0*430 sq. cm. Mean velocity of precipitate, 0*446 cm. in 10 m inutes. The tem perature coefficient was found to be 2*5 per cent, per degree, so th a t we get for the specific ionic velocity of the barium ion, travelling through a decinormal solution of barium chloride in solid agar jelly at a tem perature of 18°, Silver.-Solutions used: decinormal silver n itra te and sodium n itrate, th e la tte r containing a little sodium chloride.
Tem perature, 17*4°. Mean conductivity a t 17*4°, 8*96 x 10"3. Mean current, 1*08/164 ampere. A rea, 0*442 sq. cm. M ean velocity, 0*480 cm. in 10 m inutes. 
Kohlrausch gives
v \ g == 0*000462 cm. per sec.
The Sulphate Croup ( S 0 4).-Solutions u se d : decinorm al sodium sulphate and sodium chloride, th e la tte r containing a little barium chloride.
Tem perature, 15*2°. Mean conductivity at 15*2°, 9*69 X 10"3. Mean current, 1*08/246. Area, 0*430 sq. cm. M ean velocity, 0*257 cm. in 10 m inutes. Another determ ination in a tube whose area of cross-section was 0*746 sq. cm. gave rs<>4 = 0*000458 cm . per sec.
?>so4 = 0*000492 cm. per sec.
The general result goes to show th a t the ionic velocities thus measured agree, w ithin the lim its of experim ental error, with Kohlrausch's numbers.* I t has already been shown ( ' P hil. Mag.,' October, 1894) th a t when travelling through acetates whose concentration is 0*07 norm al, the velocity of the hydrogen ion is about 0*000065 cm. per second, * It is worthy of note that all the results for kations are slightly larger than indicated by theory, while the only measurement made for an anion gives a value which is slightly less. This may possibly be a result of the use of jelly.
18(3 Mr. W. C. Dampier Whetham.
[May 30, whereas In other solutions, such as chlorides, it is about 0 0030, th at is, about 46 tim es as great. Now acetic acid a t the concentration mentioned above has an abnorm ally low conductivity, only the 1/62 p a rt of th a t of an equivalent solution of hydrochloric acid, so that, in such cases, the immediate cause of the low conductivity a a reduction in the ionic velocities.
A n attem pt was made to complete the investigation of acetic acid by m easuring th e velocity of the acetate group C2H 30 2. I thought the red colour, which acetates give w ith ferric salts, m ight be used as indicator, and for this purpose set up solutions of ferric chloride and ferric chloride coloured red by ferric acetate. These ferric salts are said to be decomposed in solution into ferric hydroxide and the acid. Besides th e chemical reasons in favour of this hypothesis, it is sup ported by the conductivities. F erric chloride, which gives hydro chloric acid, is known to have abnorm ally great conductivity, and m easurem ents I have carried to g rea t dilution show th at the mole cular conductivity reaches a maximum a t a certain concentration, and, as th e dilution is pushed furth er, sinks again. This behaviour is characteristic of the solutions of acids. In the case of ferric acetate, acetic acid is produced, and the molecular conductivity is abnorm ally low. I t seemed likely, then, th a t the red colour pro duced by acetates, when added to solutions of ferric salts, m ight be used as a means of m easuring the velocity of the acetate group in acid solutions. W hen the experim ent was made, however, it was found th a t the colour boundary travelled in the wrong direction for a n anion, viz., w ith the current, the specific velocity being 0*00028 cm. per second. Now it is unlikely th a t an ion should behave thus, and an experim ent on the m igration phenomena of a solution of acetic acid showed th a t there was no accumulation of acid round the kathode. The resu lt of fu rth er investigation was to show th at the red colour of such solutions is due to the presence of soluble ferric hydroxide, and that, under the influence of a current, this is trans ported through the solution w ithout decomposition in the direction of the current. Among other experiments, a direct m easurement of the velocity of the transport was made. I f a solution of ferric chloride be dialysed through parchm ent paper, hydrochloric acid escapes, while a red solution of soluble ferric hydroxide, known as " dialysed iron," remains. This was used to colour a solution of ferric chloride, which was set up in contact w ith an ordinary aqueous solution of ferric chloride of the same concentration. The specific velocity of the hydroxide could th u s be determ ined by observing the motion of the colour boundary, and came out 0'00033 cm. per second in the direc tion of the current. I t is evident that this is what we were measuring in the case of the acetate described above.
The conductivity of the dialysed iron solution is very low, and an investigation on its value for solutions of different concentration led to tbe conclusion th a t, in such solutions, the whole work of carrying the current is done by th e residual ferric chloride, w hich is itself probably decomposed to some ex ten t into hydroxide and acid, though perhaps the proportion decomposed is not so larg e as in solutions w ithout an excess of ferric hydroxide, which is one of th e products of the decomposition. An experim ent on the m igration of acetic acid showed th a t the velocity of the acetate group (C2H 80 2) was, at all events, very small, so th a t, as in the case of m ineral acids, th e conductivity is m ainly due to the motion of the hydrogen.
The following table gives the velocities of all ions w hich have been experim entally d eterm ined:-
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On the Velocities o f the Ions. The values are calculated from K ohlransch's theory for the same strength of solution as th a t used for the direct observation. In the case of copper, in decinormal copper chloride solution, there are no migration data for this. The velocity of the copper ion at infinite dilution is given by Kohlrausch as 0 00031. The sum of the ionic velocities of cobalt nitrate in alcohol, as calculated from the con ductivity, comes out 0*000079, and th a t for cobalt chloride 0*000060. These numbers are to be compared with the sum of the observed velocities given above, namely, 0*000079 and 0*000048 respectively.
The Society adjourned over the W hitsuntide Recess to Thursday, J une 13.
